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This invention relates i te . polysaccharides grafted with antioxidants, and preferably hyaluronic acid or crosslinked 
hyaluronic actd grafted with hindered phenols. ^ 

nonZU!* 5 * Wia ' flU ! (, ,5 U ?. in ™ ammalian joints functions as a lubricant and shock absorber. The most important com- 
ponert of the synovial fluid ;s sod,um hyaluronate. which makes the greatest contribution to the mechanical properties 

2£i „ H ^ uron,C a ^ ,s a nat " ra " y ° CCUrring hi9h mo,ecu,ar wei 9 h » glycosaminoglycan having a repeating disa? 
^ u l e r rl^ ^ acid)-fi-glucose. The diLccharides are joined to Sm 

an unbranched uncrosslinked polysaccharide chain by 61^4 glucosidic bonds. In addition to its presence in synovial 

ESSST" S - in C f I 003 * 8 ' PeriCe " U,ar 9e,S ' * e ^.lular matrix substance of connective ti2uTof 
vertebrates, the vitreous humor of the eye. human umbilical cord tissue, rooster combs and in some bacteria 

h va .,?rl! r rl!!?JlS * 3 i° int . caused ' for exam P |e - bv osteo- or rheumatoid arthritis both the molecular weight of 

2SK!?/^Zr w, 2 ™ s loweri " 9 of molecu,ar wei9ht decreases *• * 

fluid to act as a shock absorber, and thus the fluid does not provide adequate protection for the cartilage of the joint 
JS^JTTT* ^'r 13 - W6i9ht a ' SO redUC6S viscosi * and 'eakage from the joint fo £ £se 

m^Z m T^T ^ er0d6d away ' ,eadin 9 10 P 3 '" ^ en *"e joint is in motion (see tor example. The 

Merck Manual of Diagnosis and Therapy-1 6th Edition", p 1338-42). "» 

One of the causes for the lowering of molecular weight and for the high rate of loss of sodium hyaluronate from the 
synov,a. cavrty. is the degradation of the molecule by hydroxy! radicate. Hydroxy, radicals come from twc^^The 
Sri 80 "' 06 Z f b,00d C6 " S enter *" jointe thev a ' e irtlama d. and release xanthine pJSSL art 
2SLr?T f n ' 0n ' hydr ° 9en Per0xide and hypochlorite, which upon breakdown form hydroxy! 

rad.cal. Another source for hydroxy! radical is the reduction of oxygen by reducing agents in the presence of iron A 

^T 5 "! ?H,f 9e 2! ***** fe aSCOrbic acid " 0xv 9 en fe reduced b y iron (") to form superoxide anion which then 
reacts wrth iron (III) to form hydrogen peroxide. Hydrogen peroxide is reduced to hydroxy! radical 

The use of sodium hyaluronate of relatively moderate molecular weight as a supplemental synovial fluid in the leg 

S£mS!T' -J 66 " re P° rted (Bala2S 61 Sl - J - Equine Vet Sci - P- 217-228T.985). However. «ZSSd h 
the joints of humans contains substantially higher molecular weight sodium hyaluronate than that of horses. 

ioi^^^H^T h ^" ro " ate also have-been tested as supplemental synovial fluid for human osteoarthritic 

T^ S r m - Arthrrt ' S Rheum > 11 P - 143, (1981): NaWmi * al - J - Clin. PhaTn^col^r^yToldcoto^O p ST 
S*' SETS tt' ^^Hl 8 ^' & P - 13? ' (1987) and Bri9aniB et al-. C.inicamateJ^S.t P : Ssi 
m22 ra n ^r ' If bee ? that infra-articular injections of sodium hyaluronate solutions do noTperform 

measurably differently from placebos (Dahberg etal.. in "Arthritis & Rheumatism" 37. p.521. 1994). Brown eta in Exo 
Phys,oL 26. p.125 (1991) reported that the half-life of hyaluronic acid injected inlj^int is onJSouTE iS 

oS^^*?' ^ ? 31 3 1 3 h ° Ur me iS Sh ° rt for therapeutic value. It is believed that the short haMfe 
of injected hya uronic aod is due in part to degradation by hydroxyl radicals (J.M. McCord. Science. 185. p 529 1974) 

and 2'r? n ^f*. to "° Ve ' * inCreaSing the resistance of Polysaccharides, in particxil^uronic acid 
and sodium hyaluronate. to hydroxyl radicals by grafting them with antioxidants 

on a ^'Tn?^H PertainS to 9 ?i 6d P °' ySaCCharide compositions comprising polysaccharide grafted with antioxidant 
on at least one hydroxyl group of the polysaccharide. *«™« 

♦ 8 p ^ erred emb odiment the polysaccharide comprises polysaccharide containing acidic groups. In the most ore- 
fT b r ,,ment ' tHe P° lySaCCharide prises hvalur onic acid or a salt of hyaluronic acid; the anSxiLm™^ 
2512""* "IfS^S COmP ° a ' ti0n haS substantially greater resistance to hydroxyl radSte^an^^ 
grafted hyaluronic acid or its sodium salt. 

t . ^ a ^^ e !T^! me ^ he ^ enti0n P 6 ^" 18 to 9 method ** Qraffin 9 a Polysaccharide which comprises reacting 
the polysaccharide with a hydroxyl-reactive derivative of an antioxidant. 

In another embodiment t the invention also pertains to pharmaceutical compositions for treating inflammation of 
mammalian joints, e.g. arthritis, for preventing postoperative adhesion formation and for promoting thTneaZ of 
chronic wounds, comprising as the active component the antioxidant grafted polysaccharide of this invention 

ridew^h^ 

The invention also pertains to cosmetic compositions comprising the grafted polysaccharide of this invention 

arihr^!! 3 "? «r^' ment ?" entton P6rtainS to metnods ** inflammation of mammalian joint* e.g 

arthntis. reducing the incidence of post-operative adhesion formation and promoting the healing of chronic wounds and 
ulcers compnsing injecting or applying an effective amount of a pharmaceutical composition S faTtheaSve 
component antioxidant grafted polysaccharide of this invention compnsing as tne active 

^J^L Q H^^ ySaCC ^ e C ? mpOS L tions * tnis invention comprise polysaccharide grafted with antioxidant on at 
least one hydroxyl group of the polysaccharide. 

The compositions of this invention comprise material having a formula selected from the group consisting of . 
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40 wherein R represents the backbone of polysaccharide or crossl inked polysaccharide containing acidic groups or salts 
thereof, -(O)- is the residue of a polysaccharide hydroxyl group, R-j is hydrogen, (VC20 alty, phenyl or substituted phe- 
nyl, R 2 is C1-C20 a^M. phenyl or substituted phenyl, and Ar is aryl or substituted aryl. 

Preferably the compositions of this invention comprise material having a formula selected from the group consisting 

of: 
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nyl; and R 2 is C, -C 20 alky., phenyl SnSlEldSSS 1 * ^ ■** phenyl ° r Sl *^«l phe- 

acid, furcellaran, dextran. xStL. SS^^tn^S 9Um ' ^ «W* 

carboxymethyl starch, cationic starch. hyaSSc£ MS2i^??f? ^^thylcarboxymethyl cellulose, 
sulfate, heparin, polygalacturonic acid SSSStS ^2^^ dermaten SUfete ' ^ 

Preferably the polysaccharides of thfe ~ - ' P ° ly9lucuron,c aad and carrageenan. 
ackfic groups'The^errSSS 9^^^^^^^* addic °r sa«s of the 

boxy., sulfate, sulfite and P^os^^^^^^^^^^ fram the group consisting of car- 

Polysaccharides containing acidic grou^tTduTe^fl^ ° 9 ^ 
hyaiuronic acid, chondroitin sulfate. h * I 9 ** *• 9 rou P ««-*0 of 

lose. hydroxyethylca*oxymethyl cellulose 08^^^ !l- ^ heparin ' <**°*ymethyi cellu- 

polymannuronic acid. po.yg.ucJronic acfd aS^Sn ^KiSS f a ^ an ' alai ™ acid, polygalacturonic acid. 

The preferred salts in accordance ITST^' 01051 Referred is hyaluronic acid, 
or ammonium. The most preferred sTtt te a salt ti^Z""*™ ~* ° f *" ^ " a,te,ine metal - 

aluminum 

par^a^TS^ 

acid or salts thereof prepared by crosslir^ntSronte LcW or T2i £1 f^' diSC,OS6 cross,ink * hyaluronic 
No. 4.863.907 Sakurai et al. disclose crossfinted SSL^n °. Sa '* SW, * a ^^"ctional epoxide. In U.S. Patent 
cosaminoglycan or a salt thereof S ?352SS5SJSS SSIS tf T' *» «— "*B a flly- 

No. 0 507 604 A2. disclose ionically crosSnked^rboxS^T ^ T Q rt * l " ln European Patent Application 
compound possessing a trivalent ^in^ Z^r^t,^ ** * * 

acid with bi- or polyfunctional epoxides or the^^^f ^ ^ dlsclose crossfinking hyaluronic 

fone. Malson et al.. in US. Patent No. 4.772.4! 9 ataSdbSlI^^ ep.halohydnns or halkJes. and divinyl sut- 
ln U.S. Patent No. 4.957.744 della Valle et % 1^^^,^^^^ ^^ oxides. 

scose crosslinked esters of hyaluronic aad prepared by esterifying the 
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-cartwwyl groups-othyalu^ alcohols. Balazs et al., in U.S. Patent Nos. 4,582,865, 4,605,691 and 

■ 4,636,524, disclose crosslinking of hyaluronic acid and its salts, and of other polysaccharides, by reaction with divinyi- 
' ' suffone. In U.S. Patent Nos. 5,1 28,326 and 4,582.865, Balazs et al. disclose crosslinking hyaluronic acid with formalde- 
hyde, epoxides, polyaziridyl compounds and divinyl sulfone. In U.S. Patent No. 4,713.448 Balazs et al. disclose 
5 chemically modifying hyaluronic acid by reaction with aldehydes such as formaldehyde, glutaraldehyde and glyoxal, and 
teach the possibility that crosslinking has occurred. In U.S. Patent No. 5,356,883 Kuo et al. disclose crosslinking 
hyaluronic acid by reaction with biscarbodiimides. 

A preferred method for crosslinking polysaccharides is by their reaction with carboxylic acid di- or polyanhydrides. 
A preferrred cross I inked composition comprises material of above formula I where R-i and R 2 are t-butyl, and the 
io polysaccharide is hyaluronic acid or its sodium salt crosslinked by reaction with pyromellitic dianhydride. 

In the grafted compositions, the grafting level is most readily expressed in terms of the number of equivalents of 
antioxidant that are present per equivalent of polysaccharide repeating unit. For the purpose of the invention the mini- 
mum level of grafting could be as low as about 1 equivalent of antioxidant per 1000 equivalents of polysaccharide 
repeating units. A preferred minimum level is about 1 equivalent per 700, and the most preferred minimum level about 
75 1 equivalent per 600 polysaccharide repeating units. 

The maximum level of grafting could be as high as about 1 equivalent per 1 0 equivalents of polysaccharide repeat- 
ing units. A preferred maximum level is about 1 equivalent per 100, and the most preferred maximum level about 1 
equivalent per 400 polysaccharide repeating units. 

It has been found that when the antioxidant grafted composition in accordance with this invention is derived from 
20 hyaluronic acid or its salts, it has substantially greater resistance to degradation caused by hydroxy! radical than does 
un-grafted hyaluronic acid or its salts. 

In tests for degradation by hydroxyl radical, the hydroxy! radicals were generated by reaction of ferric chloride with 
ascorbic acid as described by Wong et al. Inorganic Biochemistry, 14, p. 127 (1981). In a typical test the viscosity half- 
life was 0.9 hours for hyaluronic acid. When the same test was carried out under the same conditions on grafted com- 
25 positions, both crosslinked and non -crosslinked, of this invention having formula I wherein R, the polysaccharide, was 
hyaluronic acid, and R-j and R 2 were t-butyl. the viscosity half lives ranged from 3 to 48 hours, indicating the substan- 
tially greater resistance of the grafted compositions to degradation by hydroxyl radical. 

The antioxidant. grafted compositions are prepared by reaction of polysaccharides with hydroxyi-reactive antioxi- 

"dant derivatives. The "term "hydroxyi-reactive antioxidant derivative" is intended to mean an antioxidant containing a 
30 functional group capable of reacting with hydroxyl groups contained in a polysaccharide. 

The preferred hydroxyi-reactive antioxidants for preparing the compositions of this invention are selected from the 
group consisting of: 



VT • VII ' VIII 



40 



45 




and 



XII 



wherein R n is hydrogen, C^Cgo alkyl, phenyl or substituted phenyl; R 2 is Cj-C^ alkyl. phenyl or substituted phenyl; A 
is -C(0)X. -C(0)OCH 2 CH 2 OCH 2 CH 2 Y. -C(0)NHCH 2 CH 2 CH 2 Y. -OCH 2 CH 2 OCH 2 CH2Y or -CHjjY; B is -C(0)X, -CHfeY. 
55 or X; X is halogen, 1 -imidazole, phenoxy. nitrophenoxy. p-toluenesulfonate. methanesulfonate or alkyl or aryl carboxy- 
late; Y is halogen, p-toluenesulfonate and methanesulfonate. 

The preferred hydroxyi-reactive antioxidants comprise hydroxyi-reactive hindered phenols of structure XII where R-i 
is hydrogen, methyl, ethyl, i-propyl or t-butyl, and R 2 is methyl, ethyl, i-propyl or t-butyl. The term "hindered phenol" 
refers to phenols having at least one position ortho to the hydroxyl group occupied by phenyl, substituted phenyl or Gj- 
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ferred hydroxyl-reactive hindered phenote are TSS tZSi ^ and Y is bromine. Specifically, pre- 

5 phenol. 3.Wi-t-buty.-4-hydroxybeS l^^e^^^T **** ^^W^romomeSyl- 
imidazole. 1 (cnioroethoxy)ethoxy]ethyl ester and 3.5-di-t-butyl^-hydraxybenzoyl-l- 

■~^TSS^«.^^7 "J- ^ h ~ - — — » - 

iment to convert the sodium salt to a tetraalkv L 9enerallv convenient for the purpose of this embod- 
tetraaikyl ammonium salt and ZZ-r^ a ^Ze^Z ZTJ, reactiTof 
is form by ion exchange. earraoxoant derivative, theproduct can be converted back to the sodium 

out iftner bet foIX'T SSSSTlSrESS^ *? ™* — « - «- carried 
those cases where the solvents used for v^S^TjZ out s.multaneously with the grafting reaction in 

In the grafting reaction, the ratio ?* nSS SSlTSS? MT- U ^ d ** 9raffin9 reactioa 
expressed in terms of the moles of arrtoxidamS^^iS n^f^ T^* to P^ccharide * most readily 
For the purpose of the invention, the minimum leveT^L^l P*'"*"™^ of repeating unit in the polysaccharide 
1 equiva.ent per 1000 equivalents o££SEj S^rT?^^ 6 ^^^^ 
per 700. and the most prefened minium teSl ^ i^fS^ minimum ,eve ' fe about 1 equivalent 

The maximum level of hydrnxyl-reSeTntio^rt 2ri ♦ ^l!? 0 P^ccharide repeating unite, 
alents of polysaccharide repeat^ ^^22222127 ^ ^ ^ 38 ^ 1 10 
fened maximum level abouTt eqlale* per ^y^^^i^^ 1 ^ ^"O.zn* the mosTpre- 

* — < inflame m_ 

ulcersrThe active-component of tCJSJ P/omoting the healing of chronic wounds and 
*> tion. The preferred antioxidant grafteTpSysS^^ ™en- 
grafted crosslinked hyaluronic acid. or^rr^c^Tcc^^^ hya,Ur ° n,C * h '^^ 

p^S 

sions^rm^ 

prevent adhesions from developing in mamrnlls TrefeSh™ k °-T 9 SUrgery " 71,6 ccnipositions are used to 
Kisdesiredtoinhfoitthefbrm^ 

surgery, orthopedic surgery. neurolc^caUu S^SS,.^' T^' avnecological surgery, thoracic 

use are hindered-pheno. grafted tjSEZi 3E n^^'S^e^S ^ 5? I" - *» this 

tically acceptable salts thereof ninaered pneno ' 9rafted crosslinks hyaluronic acid, or pharmaceu- 

exan^tT^ by any convenient mode such as. for 
administration of adhesion preventatives can *<Su r at SS? 2£T f T'" * any ^ convenient method. The 

fened to administer il at the conclusion of J^£^S£l ™? heaRn9 has ft is pre- 

desirable to administer the preventative contS^JS How ^ in «>™ cases it may be 

.s an amount necessary to affect a reduction fa ^TmS^SS amourt 01 adhesion Preventative 

amount should be enough to coat the entire area ScSto^lS^E "I*' 08 ' adhestons - Preferab| K the 

sufficient to coat body tissue adjacent to the area ofTratma 9 ^ ^ " deSired an additional amount 

cn^u^ also be used to promote the heaHng of 

fened compositions for this use are Nm££^^£T? " "^"^^ Particular, human beings. The pre- 
hyaluronic acid, or Pharmaceutical^^ " ^ered-phenol grafted crosslink 

esis characteristics that make it useful tor^Z ^^^l TZ ^ r6tamS moiSture and also has angtogen- 
used atone in aqueous solution. preferably SSJS SJJSSJI £ ""T! hea " n9 1,16 C ° mp03 ' t0f1s ™* be 
healing drugs and other water soluble pcJyn^ ThS ZnSZZSP?' Z * e j S ° lut,ons be combined with wound 
venient mode such as. for example. 525 T^Sar^^!t^^^ e ^ wu ^^'^- 
nation in a bandage or wound dressing St fe i aoolS to *? 6 8 9el ' cream ' film or °y impreg- 

effective amount to promote hea.ing is Soug J to S SL ertTaTea^^ ^ ^ m ^ ^ 

amournsufti.enttocoatbodytissueadiacentto.e^^^^^^ 
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contain as other ingredients water-soluble polymers, antibiotics, immunosuppressants and pain reducers. 

In the application of grafted hyaluronic acid or crosslinked grafted hyaluronic acid of this invention to the treatment 
of inflamed joints, e.g., arthritis, in mammals, in particular human beings, the hyaluronic acid derivative is usually dis- 
solved in physiological saline to a sufficient viscosity to pass through an injection needle. The maximum viscosity is 

5 about 50,000 cps, preferably about 30,000 cps. The minimum viscosity is about 5,000 cps. The treatment solution is 
then injected into the diseased joint 

A typical knee joint synovial fluid supplementation injection procedure is similar to one described by Miller et al. in 
J. Bone and Joint Surgery, 40, p. 636 (1985). In the procedure a sterile solution, 2.5 ml. of the sodium salt of antioxidant 
grafted hyaluronic acid (concentration of grafted hyaluronic acid: 10 mg/mi) in buffered saline (sodium chloride 8.5 

io mg/ml, dibasic sodium phosphate 0.537 mg/ml, sodium dihydrogen phosphate 0.016 mg/ml) is slowly drawn into a 
syringe to ensure the absence of air pockets. The knee is then prepared for injection by cleaning with soap, wiping with 
cetyl trimethylammonium bromide and painting with tincture of iodine The solution is injected into a synovium cavity 
through a premarked triangular arc at the lateral side of the joint bound by the tibial plateau, the edge of the ligamerttum 
patellae, and the curve of the lateral femoral condyle. Local anaesthesia may be used prior to injection. In certain cases 

is ' knee aspiration with the buffered saline solution may be needed prior to the synovial fluid supplementation injection. 
Such a procedure is described by Dahlberg et al. in Arthritis & Rheumatism, 22, 1 994, page 521 . 

The injectable solution may contain materials in addition to the grafted composition. These include water soluble 
polymers such as chondrortin sulfate, dermatan sulfate, and/or a phospholipid to improve the lubricity of the solution. 
Anesthetics, anti-inflammatory reagents, antibiotics, antibacterials, cytotoxins and sugars may be added also. 

20 Antioxidant grafted polysaccharides of this invention particularly in the crosslinked form, may be used as a drug 
delivery system. The preferred compositions for this use are hindered-phenol grafted hyaluronic acid or hindered-phe- 
nol grafted crosslinked hyaluronic acid, or pharmaceutical hy acceptable salts thereof. Crosslinked hyaluronic acid forms 
a molecular cage in which molecules with pharmacological activity can be dispersed. The substances contained in the 
cage are delivered into the environment by diffusion. The drug molecule, or mixture of drug molecules, may be cova- 

25 lently or non-covalentiy bonded to the hyaluronic acid. The covalent bonding can be via attachment to the carboxylic 
acid or hydroxyl groups of the hyaluronic acid moieties. The gels films, threads, particles or sponges of hyaluronic acid- 
based composition may be placed, sprayed, ingested, injected or implanted at the location where the contained phar- 
macological substanceJs„needed._These substances may be therapeutic.drugs^such as anesthetics, analgesics, anti- 
inflammatories, diuretics, antagonists, antibiotics, hormones, antirheumatics, adrenergic agonists, cytostatics, antihy- 

30 pertensives or immunosuppressant agents), growth factors, enzymes or cellular anti-adhesion compounds. 

Antioxidant grafted polysaccharides of this invention can also function as components of cosmetics for topical uses. 
The preferred compositions for this use are hindered-phenol grafted hyaluronic acid or hindered-phenol grafted 
crosslinked hyaluronic acid, or pharmaceutically acceptable salts thereof. Because hyaluronic acid has been shown to 
hold moisture under low relative humidity conditions and yield a pleasant and smooth feeling at high relative humidities, 

35 it has been used as a moisturizer in cosmetic formulations. The compositions of this invention will provide similar 
effects. Mixtures of the grafted hyaluronic acid compositions with other low cost water-soluble polymers such as car- 
boxymethyi cellulose, pectin, alginate, soy protein, casein and gelatin may also be employed. 

Natural extracts of plant sources, such as cactus aloe vera, mesqurte, matricaria chamomilla, tumeric, carrot, 
jojoba, rose and others, may be blended into a cosmetic formulation containing grafted hyaluronic acid. Alpha hydroxy 

40 acids such as lactic and hydroxyethanoic may be added to the formulation to improve the plasticity of the skin. 

A typical anti-aging cosmetic composition is: 2-hydroxyethanoic acid, 7%, propylene glycol, 15%, hindered-phenol 
grafted hyaluronic acid solution (1 g/100 ml), 1%, water, 60% and ethyl alcohol, 17%, where all percentages are by 
weight. 

A formulation for facial soft gel is: aqueous slurry of carboxymethyl cellulose (3 g/100 ml), 25%, aqueous solution 
45 of triethanolamine (10 g/100 ml), 1 1%, Methyl Gluceth-10, 5%, hindered-phenol grafted hyaluronic acid aqueous solu- 
tion (1 g/100 ml), 1%, perfume and preservatives. 1%, water, 57%. where all percentages are be weight. 

A typical essential skin moisturizer composition is hydroxyethyi cellulose, 0.5%, Methyl Gluceth-10, 2%, glycerin, 
2%, hindered-phenol grafted hyaluronic acid aqueous solution (1 g/100 ml), 1%, water, 94%, preservatives and per- 
fume, 0.5%, where all percentages are by weight 
so The invention is illustrated by the following examples, which are provided for the purpose of representation, and are 
not to be construed as limiting the scope of the invention. All parts and percentages in the examples are by weight 
unless otherwise specified. 

Example 1 

55 

Synthesis of 3.5-di-t-butvl-4-hvd roxvbenzovl chloride 

A mixture of 3,5-di-t-butyl-4-hydroxybenzoic acid (4 grams). 20 ml of hexane and 20 ml of thionyl chloride was 
boiled for 4.5 hours. The solvent and excess thionyl chloride were removed by distillation, leaving a solid which was 
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spiyent was evaporated, an oTwasiZed ^^SmSS!SSi^T ^ ehkrt * After *• 

the corresponding ester: 7.9 ppm (s, Ar 2) 5 25 oom fe oET^TJ fr ° m ™ S) «»* i™ed that the oil was 

resuft obntirms that 3.5^i-t4^M^^ 18 > and 144 ««" ft CH3. 3). Tns 



70 



75 



Example 2 

Synthesis of P.6-di-t-hiityf^-bromnmothyi ph^j 



give a viscous liquid with the following i H NM^SSi' £ f S SO,ution ^ evaporated to 

OH. 1), 4.35 ppm (s, CH 2 Br. 2) and A ppm (s CH 3 1 8 T * ^ ^ ( *' 2) ' 5 ' 15 * 



Example 3 
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55 



days. The resulting rnixtur7was exacted wSn ^SSSSSS" "^Jf™™* *"» hea ** - boi.ing Sr 4 
was dried over MgS0 4 . Evaporation of thTscTe* S v TfS "T^rl "^"l* 
(CDC.g.ppm from TMS): 7.9 ppm (s. ArH, 2)^ 72^ J OH !l * « , ""^J* fo,IOWin9 NMR spectrum 
Ppm (m. CH2, 6). 3.6 ppm (m. Ofc 2) and 2^»mT ^ ^ ^ 2) ' 3 86 ffm (m - CH * 2 >" 3 7 
Example 4 

::Synmesis-of3.5^M4*rtv Mlh^^ 

cNo^s^ 

tallized in toluene and hexane to yield a hvoros,™? a ^, f^ 6 "* removed ' »» Product was recrys- 
and 2 m. of methane chforide J*2£2Z2££? Q IT^Xl ? ^ "~ miXed "* 02 9 <* — £■ 
ing ethyl ester was identified by *H NMR as inSamSL 1 ?Ei??2? S ^ W3S removed . on| V correspond- 
imidazole had been formed. 1 ' 71,18 result ,nd,cated »»t 3.5-di-t4xjtyl^hydroxyben^l-i- 

Examote § 

Preparation of the methyltrir-anrviammnni. ,m cg|[t tf hva i, irnni/ . ^ 

Wisconsin) in 50 ml of acetone The ^IJEKKEE ^S^T^L"* Chemtea '' Milwautee < 

with water and acetone, and then dried in vacuo^m££ T!^^^^^ 6 ^ 16 "~ ,ntered " Washed 
dried in vacuo overnight to yield 46.9 g of rubO^^eST " ™ S a 9 am ln 500 ml of acetone for 7 hours and 

Example 6 

. Grafting 3 , iwti-t.bwtvl-4-hvdroxvh»n 2Q vl chinri^ >~ m 

added. The mixture was tumbled for 3 hours and Sen stored afrn-ct^'^ 0 ^" 2 ^ Ch '° ride (Exam P ,e 1) was 
salt, an aqueous solution of NaCI (15 g in 250 nTof water? m ftf,^,!?!^ '° n ^"S^ back to the sodium 
solution had been stirred for 1 hour. 3 g of sodium bfcSS USSS - T^ 0 " After ** resu,tin 9 

product. The polymer was filtered and washed fiTZlf!?* ? 200 ml of acetone were added to precipitate the 
acetone. The product was furth^i^ 4/1 • 200 ml) and then with 100 mf2 

of methanol. Four grams of product was obtained 3nd the " I****** « into a large volume 
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Example 7 — - - 

Grafting 3. 5< Ji-t-bijM-4-hvdroxvbenzovM -imidazole to hyaluronic acid 

5 To a solution of 2 g of the methyrtricaprylammonium salt of hyaluronic acid (prepared by the method of Example 5) 
in 280 ml of NMP was added 0.25 g of 3,5-di-t-butyl-4-hydroxybenzoyl-1 -imidazole (Example 4). The mixture was main- 
tained at 45°C for 20 hours, and then it was ion exchanged back to the sodium salt form as described in Example 6. 
The product weighed 0.92 g. 

10 Example 8 

Grafting 3.5-di-t-butvl -4-hvdroxvb enzovl chloride to hyaluronic acid crosslinked with the diolvtidvl ether of bisohenol A 

The crossl inking reaction was carried out first, by mixing 2 g of the methyrtricaprylammonium salt of hyaluronic acid 
is 1 (prepared by the method of Example 5), 0.2 g of diglycidyl ether of bisphenol A, and 280 ml of NMP, and maintaining 
the mixture at 45°C for 24 hours. To this mixture was then added 0.2 g of 3,5-di-t-butyl-4-hydroxybenzoyl chloride, and 
then the entire reaction mixture was maintained at room temperature for 1 7 hours. The product was converted to the 
sodium salt and worked up as described for Example 6. 

20 Example 9 

Grafting 3.5-di-t-butvl>4-hvdroxvbenzovl chloride to hyaluronic acid crosslinked with 1 .2.4. 5-bonzenetetracarboxylic 
acid dianhydride 

25 To a solution of 5 g of the methyrtricaprylammonium salt of hyaluronic acid (prepared by the method of Example 5) 
in 700 ml of NMP, there was added 0.5 g of 1 ,2,4.5-benzenetetracarboxylic acid dianhydride. The mixture was main- 
_ Jained at 1.0'C Jot? days. Triethyl amine (1 ml) and 3,5-di-t-butyl-4-hydroxybenzoyl chloride-(0.5 g) were then added to 
„ the reaction mixture. After 16 hours, the product was ion.exchanged.with a solution_of_NaCL(0.5 g).and-NaHC0 3 (0.5 
g) in 50 ml of water, and then precipitated by addition of 400 ml of acetone. TheTx<xlu^~was"f iltered and washed with 
30 4/1 acetone/water and then pure acetone. After drying 2.9 g of polymer was obtained. 

Example 10 

Grafting of 3.5-di-t-butvl-4-hvdroxvbenzovl-2-r2-f2-chloroethoxv^ethoxv1 ethvl ester to hyaluronic acid 

35 

A mixture of 2 g of m ethyl tricapryl ammonium salt of hyaluronic acid (prepared by the method of Example 5) and 
0.25 g of 3.5-di-t-butyl-4-hydroxybenzoyl-2-[2-(2-chloroethoxy)ethoxy] ethyl ester in 280 ml of NMP was maintained at 
45°C for 20 hours. The mixture was treated with a solution of 0.1 g NaCI and 0.1 g of NaHC0 3 in 20 ml of water and 
worked up an in Example 9. After drying 1 .0 g of polymer was obtained. 

40 

Example 11 

Resistance of grafted hyaluronic add to degradation bv hydroxy! radicals 

45 Hydroxyl radicals were generated by the reaction of ferric ion with ascorbic acid as described by Wong et a). Inor- 
ganic Biochemistry, 14, p. 127 (1981). 

To a 100 ml aqueous solution of sodium salt of hindered-phenol grafted hyaluronate 0.3 to 0.6% wtA/ol as indicated, 
buffered at pH 7.4) 0.25 ml of a ferric chloride solution (1 .1 g in 20 ml of water) and 0.25 ml of an ascorbic acid solution 
(0.64 g in 20 ml of water) were added. The mixture was shaken for about 10 seconds, and then the first viscosity (Brook- 
so field) was measured after 10 minutes. The viscosity at this point was considered to be 100%. The degradation resist- 
ance of the sample was assessed by measuring the time required to reduce the viscosity to 50% of the 10 minute value 
(viscosity half-life). The control consisted of sodium hyaluronate. The results are in Table 1 . 



55 
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Table 1 






Ferric Chloride/Ascorbic Acid Test of Hindered-Phenol 
Grafted Hyaluronic Acid 




Product of Example 


Sample Concentration, 
%WtWol. 


Viscosity 
Half-Life, hrs 


10 


i Control 


0.4 


0.9 




6 


0.4 


3 




7 


0.3 


4.5 




8 


0.34 


5 


15 


9 


0.6 


48 




10 


0.3 


5 
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Claims 

2. The composition of claim 1 wherein the antioxidant comprises a hindered phenol. 

3. The composition of claims 1 or 2 wherein the polysaccharide contains acidic groups or salts thereof. 

one member selected from the group con- 



30 4 * 

sistng of carboxyl, sulfate, sulfite and phosphate. 



5. The composition of any of claims 3 or 4 wherein the salts comprise salts of 
num or ammonium. 



an alkali or alkaline earth metal, alumi- 
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wherein R represents the backbone of polysaccharide or crosslinked polysaccharide containing acidic groups or 
salts thereof. -(O)- is the residue of a polysaccharide hydroxyl group, R-j is hydrogen, CVC20 alkyl, phenyl or sub- 
stituted phenyl, R 2 is C-j-C^q alkyl, phenyl or substituted phenyl, and Ar is aryl or substituted aryl. 

1 0- The composition of any of the preceding claims wherein the grafted polysaccharide composition is crosslinked. 

11. The composition of any of the preceding claims wherein the grafted polysaccharide composition is crosslinked by 
reaction with carboxylic acid di- or polyanhydride. 

12. The composition of any of the preceding claims wherein the polysaccharide comprises at least one member 
selected from the group consisting of hyaluronic acid, chondrortin sulfate, keratan sulfate, dermatan sulfate, 
heparan sulfate, heparin, carboxymethyl cellulose, hydroxy ethyl carboxymethyl cellulose, carboxymethyl starch, 
pectin, xanthan, alginic acid, polygalacturonic acid, polymannuronic acid, polyglucuronic acid and carrageenan. 

13. The composition of any of the preceding claims wherein the grafted polysaccharide comprises grafted hyaluronic 
acid. 

14. The composition of claim 13 wherein the grafted hyaluronic acid has substantially greater resistance to hydroxyl 
radicals than does un-grafted hyaluronic acid. 

15. A method for treating mammalian arthritis comprising injecting into an affected joint an effective amount of a com- 
position wherein the active component is the composition of claims 13 or 14. 
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15 



20 



from the group consisting of: y5accnanae wm ai least one hydroxyl-reacbve antioxidant derivative selected 





25 CH 2 Y. or X; X is halogen. 1-imidazole phenoxv n£»h«S£^ -° CH 2 C "2° CH 2CH 2 Y or -CHjY; B is -C(0)X. - 
yfcte or aryl cartoxylate; Y is ^^S^^^^Z^T "^^^ *™ -bo* 

17. The method of claim 16 wherein the polysaccharide contains acidic groups or salts thereof. 

boxymethy. cellulose, hydroxy^^^^ heparin' car- 

P°* 9 a.acturonica^ <*>™ «*■ 

35 19. The method of any of claims 16, 17 oM 8 wherein the grafted potysaccharide is crosslink*!. 

20. The method of any of daims 16 to 19 wherein the polysaccharide is hyaluronic acid or a salt of hyaluronic acid 

* 21 
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